Background Response shift theory suggests that improvements in health lead patients to change their internal standards and re-assess former health states as worse than initially rated when using retrospective ratings via the then-test. The predictions of response shift theory can be illustrated using prospect theory, whereby a change in current health causes a change in reference frame. Therefore, if health deteriorates, the former health state will receive a better rating, whereas if it improves, the former health state will receive a worse rating. Objective To explore the predictions of response shift and prospect theory by relating subjective change to objective change. Methods Baseline and 3-month follow-up data from a cohort of rheumatoid arthritis patients (N = 197) starting on TNFa-blocking agents were used. Objective disease change was classified according to a disease-specific clinical outcome measure (DAS28). Visual analogue scales (VAS) for general health (GH) and pain were used as selfreported measures. Three months after starting on antiTNFa, patients used the then-test to re-rate their baseline health with regard to general health and pain. Differences between then-test value and baseline values were calculated and tested between improved, non-improved and deteriorated patients by the Student t-test. Results At 3 months, 51 (25.9%) patients had good improvement in health, 83 (42.1%) had moderate improvement, and 63 (32.0%) had no improvement or deteriorated in health. All patients no matter whether they improved, did not improve, or even became worse rated their health as worse retrospectively. The difference between the then-test rating and the baseline value was similarly sized in all groups. Conclusion More positive ratings of retrospective health are independent of disease change. This suggests that patients do not necessarily change their standards in line with their disease change, and therefore it is inappropriate to use the then-test to correct for such a change. If a thentest is used to correct for shifts in internal standards, it might lead to the paradoxical result that patients who do not improve or even deteriorate increase significantly on self-reported health and pain. An alternative explanation for differences in retrospective and prospective ratings of health is the implicit theory of change which is more successful in explaining our results than prospect theory.
Introduction
When a physician sees a patient, the most frequently asked question will probably be ''How do you feel today concerning your general health (or pain)?''. This question can be formally measured using a Visual Analogue Scale (VAS) for general health (GH) or pain, which is considered a feasible, valid and reliable method [1] [2] [3] . In the field of rheumatology, indices based on patient reported outcomes, among which the VAS GH and VAS pain, are suggested to use for systematically monitoring patients on therapy effectiveness [4] . In general, to compare assessments over time and between individuals, it is a prerequisite of a measurement that the patient's concept of the subject of assessment is the same in all situations. However, there are many examples of patients reporting their health state as stable over time, despite improvements in their objective health status [5] [6] [7] [8] [9] [10] [11] [12] , which challenge the use of selfreporting outcomes. It has been shown in a variety of disorders that patients whose health improved re-assessed their former health state as worse than initially rated [5] [6] [7] [8] [9] [10] [11] [12] [13] . Furthermore, in cancer patients the relative importance of different domains of quality of life varied over time [14] . Finally, there are many studies that demonstrate that patients value a certain health state differently than individuals not in that particular health state [7, [15] [16] [17] [18] , for example that healthy people perceive the general health of patients suffering from end-stage renal disease as worse than the patients themselves [7] .
In response shift theory, these findings are interpreted [19] as follows: patients do not rate their own health in reference to an absolute standard but in reference to a relative standard. In health-related subjective measures, this relative standard is tentatively taken as the patient's own current health state. However, current health, and therefore an individual's standard, may change over time [19] [20] [21] . For example, when a patient is asked whether or not he or she has improved, the fact that the patient refers to his/her current health can lead to different valuations of the same objective health state at different moments in time. Some authors suggest that self-reported outcomes should be corrected for changes in relative standards [22, 23] by, for instance, a then-test [22] . By using a then-test, patients are asked to re-rate a former health state from their current perspective. Because the former health state and the follow-up health state are then rated from the same perspective, the change in health (then-minus-post) is corrected for a possible change in internal standards.
Support for the then-test as a correction for changes in relative standards can be found in prospect theory [24, 25] . Prospect theory was originally developed in the context of gambling for money and is a theory about decisions under risk [26] . Prospect theory defines money outcomes as gains and losses relative to a reference point. Different reference frames are assumed to shift the reference point along the outcome dimension, altering the location of an S-shaped value function [25, 27] . In valuing health, the reference point of the S-shaped value functions can be described as the individual's current health, as described by Treadwell and Lenert [25] . Figure 1 shows two such S-shaped value functions for two different health states in time, A and B. The x-axis represents a person's health state, and the y-axis represents subjective values attributed to health states. When a patient improves in health (moves from A to B), his value function shifts to B. According to the shifted Sshaped value function, the former state is rated worse (A') than previously (A). When a patient deteriorates in health (moves from B to A), his value function shifts to the left. According to that function, the former health state will receive a better rating (B') than previously (B). When a health state remains stable, no shift in the value function is expected. Prospect theory therefore provides a clear illustration of the predictions of response shift theory with respect to recalibration response shifts. Hence, this study explores the predictions by prospect theory to explain response shift.
However, it should be noted that alternative predictions of outcomes of the then-test can be found in, for example, Norman's discussion of implicit theory of change [28] . This theory originates in psychological research [29] and states that individuals might be unable to accurately remember a former situation but instead extrapolate backwards from their present state invoking an implicit theory of change [28, 29] . A treatment received could trigger an implicit theory of positive change. Working back from their present health status, such an implicit positive change would lead patients to re-rate their baseline health status (then-test) as worse than their initial baseline rating independent of the actual effectiveness of the treatment.
That patients re-rate (by means of a then-test) their former health state as worse than previously after an improvement in health has been shown several times in the medical field [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, there is very little evidence in the literature for predictions in patients who deteriorate in health compared to patients who improve in health. Response shift and prospect theory both predict that shifts in internal standards will be bi-directional: retrospective ratings of a former health state will be worse in patients who improve (health state A' worse than previously (A)) and better in patients who deteriorate (health state B' rated better than previously (B)). However, implicit theory of change would predict that both patients who objectively improve or deteriorate will rate their former health state as worse than previously rated if patients perceive there should have been an improvement.
The aim of this study was to explore the predictions from response shift and prospect theory by relating subjective change to objective change. This was done by comparing retrospective scores in patients with severe and prolonged rheumatoid arthritis who either deteriorated or improved after treatment with TNF-blocking agents.
Methods

Study site and subjects
Our hypothesis was tested in a population of chronically ill rheumatoid arthritis patients receiving anti-TNFa treatment. This patient population was chosen, because of the chronic character of the disease, which ensures the possibility of adaptation by patients to their imperfect health state, and thereby allows the reference level to shift. Anti-TNFa is a promising treatment to establish a significant decrease in disease activity [30] [31] [32] . In addition, this population was chosen because of the possibility of categorizing patients by disease activity based on a validated objective measure of disease activity [33] .
Data from a prospective registry were used. Since February 2003, all rheumatoid arthritis patients, from 11 Dutch hospitals, who started on an anti-TNFa agent (either adalimumab, etanercept or infliximab) for the first time, were included in this registry [34] . The primary aim of this registry is to evaluate and monitor anti-TNFa treatment in rheumatoid arthritis patients. Since January 2004, thentests have been included in this registry.
Study design and outcome measures
Patients' baseline characteristics were registered at the start of the first anti-TNFa treatment. These characteristics included age, gender, weight, disease duration, rheumatic factor status, the presence of one or more erosions in hand or feet and number of previous DMARDs (disease modifying anti-rheumatic drugs) used. In addition to these characteristics, the three main measures for this study, disease activity, the patient's self-perceived general health and self-perceived pain, were registered at baseline and at a 3-month follow-up assessment. The 3-month follow-up assessment was chosen because at that point a clinical decision about the medication policy is made on the basis of the underlying disease state alteration (with the DAS28). Disease activity was assessed using a modified Disease Activity Score 28 (DAS28), which is a statistically derived index combining the following variables: the 28 joint count for swelling (SW28), the 28 joint count for tenderness (TEN28) and the Erythrocyte Sedimentation Rate (ESR), with the ESR having the largest weight in the algorithm [35] . In order to minimize subjective interpretation of disease activity in our study, the VAS general health was left out of the original DAS28 algorithm. As a valid alternative to ESR, C-reactive Protein (CRP) scores were used in case of missing ESR values [36] . The research nurses were trained in giving a standardized amount of pressure (defined as causing whitening of the examiners nail beds) on the joints to measure tenderness and in using a standardized grip for assessing swelling [36] . For the purpose of describing the population, we also administered the disability index from the Health Assessment Questionnaire (HAQ-DI). The HAQ-DI is a self-assessed questionnaire asking about the ability of patients to perform several daily activities over the past week [37, 38] . The HAQ-DI is well validated and provides information on disease activity as well as joint damage [39, 40] . The questionnaire provides a score between zero and three, where a higher score indicates more functional impairment.
The patients' self-perceived general health and pain were assessed on a 100-mm Visual Analogue Scale (VAS GH and VAS pain), which are feasible, valid and reliable methods to measure these constructs [1] [2] [3] . Patients were asked to rate their health or pain by placing a vertical line on a horizontal line, indicating the perceived amount of health or pain. This line ranged from zero to one hundred, where a score of zero indicates ''worst imaginable general health'' or ''extreme pain'', and a score of one hundred indicates ''best imaginable general health'' or ''no pain'', respectively. Patients were asked to rate their current general health at baseline and at 3 month follow-up. At 3 months, the patients were also asked to retrospectively re-rate the baseline general health and pain by means of a then-test [22, 41] . Patients were specifically instructed not to try and remember what they scored at baseline (recall), but to re-assess their health and pain at baseline from their current perspective. We chose to use the then-test for assessing response shift, because it is easy to use and it is most frequently used by others in longitudinal studies [42] . The actual DAS28 and the response category were calculated in the dataset afterwards and were, therefore, not known to the patient at the moment that he or she completed the scales and the then-test.
Statistical analysis
Descriptives of baseline characteristics were determined. Baseline values were subtracted from then-test score. A negative difference indicated that retrospective scores are worse than baseline scores ( Fig. 1: A'-A) , and a positive difference indicated that retrospective scores are better than baseline score (Fig. 1: B'-B) . Changes over time in VAS scores were calculated as either prospective change or then-minus-post change. The prospective change was calculated by subtracting baseline scores from 3-month follow-up scores ( Fig. 1: difference between A and B) . A positive prospective change was interpreted as an improvement in health and a negative prospective change as deterioration in health. Post-minus-then change was calculated by subtracting then-test scores from the 3-month follow-up scores ( Fig. 1: A-B' or B-A'). One can consider the post-minus-then change as a prospective change corrected for a shift in internal standards (then-test score at 3 months referring to baseline). A positive post-minus-then change suggests a perceived improvement and a negative post-minus-then change suggests a perceived deterioration.
To test the hypothesis that patients who deteriorated retrospectively rate a former health state as better and patients who improved retrospectively rate a former have state as worse, patients were divided into three groups (non-responders, moderate responders and good responders to treatment) depending on their objectively determined European League Against Rheumatism (EULAR) response status at the 3-month follow-up moment. The EULAR criteria were used because these have shown good construct, criterion and discriminant validity [43] . The EU-LAR criteria are based on the modified DAS28 and combine prospective change and absolute level of attained disease activity (Table 1) . By this definition, the nonresponse group is a mixture of patients who do not improve significantly and patients who deteriorate. Additionally, [43] patients who deteriorated significantly, defined as at least one population standard deviation (0.6 DAS28) deterioration (negative prospective change), were analysed as a subgroup. Baseline characteristics were tested for equivalency between the groups by means of Chi-square tests, independent samples t-tests and Mann-Whitney U tests. The mean difference between then-test scores and baseline scores and the mean changes in VAS general health and VAS pain were tested for statistical significance using onesample t-tests and were compared between groups using independent samples t-tests. All analyses were performed using the statistical software package SPSS 14.0.2 (SPSS Inc., Chicago, IL.)
Results
Between January 2004 and December 2006, 212 patients had completed 3-month follow-up data. Fifteen patients were excluded from the analysis due to missing DAS28 and/or VAS data. Baseline characteristics of excluded patients did not differ from included patients. Thus, 197 patients remained eligible for the analyses: 51 (25.9%) patients were classified as good responders to the antiTNFa therapy, 83 (42.1%) as moderate responders, and 63 patients (32.0%) were classified as non-responders to therapy. In this last group, 11 patients deteriorated significantly and were analysed as a subgroup. On the DAS28, responders had a mean improvement of 2.2 points (ranging from 1.2 to 4.5), moderate responders had a mean improvement of 1.5 points (ranging from 0.6 to 4.2), and non-responders had no improvement (mean -0.05, ranging from -3.0 to 1.1). Table 2 shows the baseline characteristics of clinically responding and non-responding patients. These data show that clinically classified responders did not differ from non-responders at baseline, except on the clinical outcome measures HAQ and DAS28. This was to be expected, because the EULAR response criteria combine change and an absolute level of attained DAS28 and, thus, baseline DAS28. The HAQ is strongly correlated with the DAS28. Table 3 and the Figs. 2 and 3 show the changes in VAS scores on both general health (Fig. 2, solid line) and pain (Fig. 3, solid line) . On average, clinical objective responders (good and moderate) to therapy scored an average of 31.0 points improvement on the VAS general health, which was a statistically significant improvement and a significantly bigger improvement than the average 9.3 points improvement that was reported by non-responders. On the VAS pain, good and moderate responders scored a significant mean improvement of 31.8 points and 30.9 points, respectively, whereas non-responders reported an insignificant improvement of 6.0 points. Patients who deteriorated according to their modified DAS28 scores deteriorated also according to 
Prospective change
Retrospective scores
Objectively classified responders and non-responders showed significant worse retrospective scores compared to baseline values on both scales (Figs. 2 and 3, dotted lines) . The identified difference between the retrospective scores and the baseline scores were of equal size for responders and non-responders (Table 3) . The 11 deteriorated patients showed a significant difference between retrospective score and baseline values on general health of -14.5 (95% CI -28.3; -0.8) and on pain of -19.1 (95% CI -36.9; -1.3).
Then-minus-post scores
The calculated mean then-minus-post scores are also shown in Figs. 2 and 3 . When applying the then-minuspost values, clinical good and moderate responders to therapy averaged a 40.7-point and 34.2-point improvement on VAS general health, respectively. This was statistically significant (P \ 0.0001) and significantly more than the average 16.1-point improvement of the non-responders (P \ 0.0001). Outcomes of the VAS Pain showed similar results. Good and moderate responders averaged a 42.6-point and 35.2-point improvement, respectively, compared to a significantly lower (P \ 0.0001) improvement of 16.9-points for non-responders. The deteriorated patients showed stable disease activity when applying the thenminus-post score for the VAS GH (mean 2.3 points) and for the VAS pain (mean 1.4 points).
Discussion and conclusion
This study showed that both patients who improved (responders) or stayed the same/deteriorated (nonresponders) rated their baseline health state worse than actually rated at baseline, when asked 3 months later with a then-test. Furthermore, paradoxical results occurred when the then-test was applied (then-minus-post) for the purpose of correcting for a shift in internal standards. For clinically stable or deteriorating patients, an improvement in health imaginable general health state, and a score of one hundred indicates best imaginable general health would be inferred when using then-minus-post ratings when compared to using only prospective ratings (Figs. 2  and 3) . The fact that patients who stayed the same or deteriorated also reported worse health retrospectively conflicted with the predictions from response shift theory and prospect theory. The negative response shifts in patients who improved were in line with the predictions derived from prospect theory and complied with the large amount of literature reporting on negative response shifts [5] [6] [7] [8] [9] [10] [11] [12] . However, the negative response shifts in patients who stayed the same or deteriorated, conflicted with the prediction from prospect theory. Only two previous studies assessed patients who improved, who did not improve or who deteriorated in health. Results from one study were in line with prospect theory [44] , while findings from the second study were not [5] . Ahmed and colleagues [5] also used objective criteria to determine the direction of disease change. In agreement with our study, they found mean response shifts in the same direction in 196 participants. These response shifts were independent of the direction of the disease change that had occurred. Janssen et al. [44] investigated response shift in 46 patients where the disease change was defined with a subjective change question. In contrast to Ahmed's and our findings, their response shifts were dependent on the direction of the disease changes. The explanation for these conflicting findings may be the crucial difference in the way that disease change was defined: objective (Ahmed's and our study) versus subjective (Janssen's study).
The aforementioned implicit theory of change seems to explain our results more accurately than prospect theory and also the conflicting results in the literature. In our study and the study by Ahmed et al. [5] , non-responders showed no objective disease change, but the treatment received could have triggered an implicit positive change. Working back from their health status, this implicit positive change would lead patients to re-rate their baseline health status (then-test) as worse than their initial baseline rating. In the study by Jansen et al. [44] , patients self-reported a subjective deterioration in disease. Working back from their health status, they could have applied this implicit negative change to re-rate the baseline health status with the thentest as better than their initial baseline rating. In summary, an implicit positive change of patients in our and Ahmed's study and the implicit negative change of patients in Janssen's study can explain the conflicting retrospective scores more accurately than response shift or prospect theory. It has to be mentioned that an implicit positive change as described above could also have resulted from what is known as a placebo response, but either way change results in patients re-rating their baseline health status (then-test) as worse than their initial baseline rating. The prediction of response shift theory, with respect to the fact that the internal standards by which patients rate their own health change over time, has clinical implications. This is especially true when subjective measures are used to monitor therapy effectiveness as was recently suggested in the field of rheumatology [4] . It can be suggested that physicians can try to correct for a shift in internal standards by asking patients to rerate their health state before they started therapy and rate their current health. By comparing those two ratings, therapy effectiveness can be evaluated. However, our results suggest that rather than changing internal standards, implicit theory of change is applied by patients to construct the value of a former health state. Therefore, if retrospective ratings are used, this will lead to the paradoxical result that patients who deteriorate or stay the same increase significantly on self-reported health and pain. For a clinician, this would make it more difficult to justify treatment change where from a more objective point of view or from the perspective of prospective self ratings, it would have been advisable.
Lenert et al. [45] did empirical research in health care to test predictions based on prospect theory. Patients from primary care practices with various medical illnesses and depression rated different hypothetical health states. They showed data that were consistent with the predictions from prospect theory: utility functions for health were ''S'' shaped and differed across levels of health [45] . The differences between their study design (cross-sectional) and our study design (longitudinal) may explain the differences in results. Their subjects rated hypothetical health states that were worse or better than their own health states, and they did this during one session. In our study, the patients had an actual change in their own health to either a worse or a better health state, and then rerated their baseline health with a then-test.
Another explanation for the fact that we did not confirm prospect theory may lie in the fact that the then-test may not be the appropriate instrument to evaluate a former health state and subsequently to measure response shift. Although the then-test is most frequently used as an instrument to measure response shifts [42] , it has the limitation that it can be subject to recall bias [23] , and it is dependent on the cognitive function of the subjects. Furthermore, it has to be mentioned that the results of this study apply to visual analogue scales, and the results cannot be generalized to other quality of life measures like the Short Form 36 (SF36) or EuroQol 5d (EQ5D) without further research. It might be possible that prospect theory fits the predicted outcomes measured by the EQ-5D or SF-36. On the other hand, response shifts as a result of changes in internal standards may not occur in measures like the SF36 or EQ5D, but response shift as a result of changes in values or re-conceptualization may occur [19] . Currently, there is no evidence that prospect theory predicts response shift as a result of changing values or conceptualizations, and it was not the focus of our study to deliver such evidence.
Some shortcomings concerning this study have to be mentioned. First, by using the EULAR criteria to define disease change (Table 1) , the non-response group was a mixture of patients who did not improve significantly and patients who deteriorated. A subgroup of 11 patients who deteriorated on the objective measure DAS28 was analysed. These 11 deteriorated patients showed, consistently with the other groups of patients, a significant negative response shift on general health and pain, rating their baseline health state worse than initially rated. Such a subgroup analysis might be underpowered. Furthermore, the DAS28 is used as an objective measure, whilst it can be subject to interpretation especially in the components 'joint pain' and 'joint swelling'. To minimize subjective interpretation in these components, all research nurses were trained twice per year for performing joint counts. Moreover, a modified DAS28 was calculated using the most objective components, the ESR and the joint counts, of which the ESR has the larger weight in the combined score. Another limitation is that the patients' memory or perceptions of change were not assessed, and therefore the implicit perception of change could not be assessed.
In conclusion, the similar direction and magnitude of retrospective ratings in objectively defined improved and non-improved patients suggests that patients do not necessarily change their standards in line with their disease change. If a then-test is used to correct for shifts in internal standards, it might lead to the paradoxical result that patients who do not improve or even deteriorate increase significantly on self-reported health and pain making it more difficult for the clinician to justify treatment change. An alternative explanation for differences in retrospective and prospective ratings of health is the implicit theory of change which is more successful in explaining our results than prospect theory.
